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Background: There is growing international interest in identifying the effects of 
 ageing on oral health and on appropriate strategies for managing oral disorders. The 
Japanese Society of Gerodontology (JSG), as the official representative of 
researchers and clinicians interested in geriatric dentistry in Japan, makes several 
recommendations on the concept of “oral hypofunction.”
Aims: This study proposes diagnostic criteria and management strategies to reduce 
the risk of oral hypofunction among older people.
Conceptual Framework: We define oral hypofunction as a presentation of 7 oral 
signs or symptoms: oral uncleanness; oral dryness; decline in occlusal force; decline 
in motor function of tongue and lips; decline in tongue pressure; decline in chewing 
function; and decline in swallowing function. The criteria of each symptom were de-
termined based on the data of previous studies, and oral hypofunction was diag-
nosed if the criteria for 3 or more signs or symptoms were met.
Conclusions: We recommend that more evidence should be gathered from clinical 
studies and trials to clarify our diagnostic criteria and management strategies.
K E Y W O R D S
older people, oral hypofunction
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1  | BACKGROUND
The concept of health in older people and the structural relationships 
among many factors interfering with health have been discussed 
from various perspectives including medical, mental and social as-
pects. The mechanism and framework of how oral disorders are in-
volved in general hypofunction, dysfunction and handicap have also 
been discussed.1-7 It is thought that older adults enter a frail state in 
the process of losing independence. Sarcopenia and malnutrition are 
closely involved in the cycle of frailty, which contains many psycho-
logical factors and social factors.8,9 For older adults whose sarcope-
nia has become obvious, the ability to eat and the appropriateness 
of foods to be ingested become increasingly important. Therefore, in 
order to prevent sarcopenia and frailty at an early stage, it is import-
ant to evaluate oral function.
In March 2014, the study group of the National Center for 
Geriatrics and Gerontology in Japan presented a pioneering con-
cept of a progressive process of general functional decline via 
decreased oral function.10 They showed that recovery can be ex-
pected by various interventions before becoming frailty. In the 
proposed conceptual diagram, decreased oral function is referred 
to as “oral frailty”; namely, “oral frailty” here means frailty that 
manifests only in the oral cavity with signs or symptoms specified 
as decreased articulation, slight choking or spillage while eating, 
and an increased number of unchewable foods. That is not disease 
and is a condition. Accordingly, to recover from oral frailty, it is 
important not only to maintain oral hygiene for preventing peri-
odontitis and dental caries, but also to restore function by placing 
an appropriate prosthesis for tooth loss. Consequently, there is 
a growing awareness that the recovery and maintenance of oral 
function help delay the onset of conditions requiring nursing 
care, thereby helping to extend healthy life expectancy. However, 
neither the definition nor positioning of the key term “oral frailty” 
has been clarified to date.
The JSG proposed “oral hypofunction” as the stage at which 
recovery can be expected by performing dental treatment before 
oral dysfunction occurs. Then, we developed a hypothesis that oral 
frailty and oral hypofunction emerge during the process towards 
oral dysfunction among the various declines in ability. In addition, as 
a starting point for discussing this problem, we presented criteria for 
diagnosing oral hypofunction.
2 | POSITIONING OF ORAL HYPOFUNCTION
The process by which older people become dependent is gradual, 
and the state of oral health, dental treatment and prevention also 
change according to the stage. Pretty et al11 formed a comprehen-
sive framework for assessment, prevention, treatment and com-
munication between interprofessional healthcare teams according 
to the level of dependency. Declines in oral function also progress 
stepwise with the decline of systemic function. In order to prevent 
oral function from becoming irreversible, it is necessary to clearly in-
dicate the diagnostic method and diagnostic criteria for each stage. 
In this study, we focused on oral function and created a conceptual 
diagram divided into 4 stages: healthy state, oral frailty, oral hypo-
function and oral dysfunction (Figure 1). The diagram illustrates that 
the stage of oral frailty and oral hypofunction can be restored to 
the previous stage by various remedies described in each level. The 
flow guides older adults, through education and awareness of oral 
frailty, towards programmes intended to prevent them from reach-
ing a state where they require nursing care; those who are identified 
by the programmes as being at risk for oral hypofunction are advised 
to visit a dental clinic.
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Additionally, we selected 7 conditions (poor oral hygiene, oral 
dryness, reduced occlusal force, decreased tongue- lip motor func-
tion, decreased tongue pressure, decreased masticatory function, 
and deterioration of swallowing function) for making a diagnosis 
of oral hypofunction and established initial thresholds to be used 
as diagnostic criteria for these conditions (Table 1). Furthermore, 
based on the results of a study conducted at Fujita Health 
University Hospital,12 we suggested that “oral hypofunction” be 
defined as the state when 3 or more of these diagnostic criteria 
are met. It is important that intervention and training can restore 
the state of oral hypofunction back to the state of oral frailty. If 
dental professionals provide appropriate intervention for patients 
with oral hypofunction, it will help them avoid developing oral dys-
function, thereby preventing frailty and from reaching the state of 
requiring long- term care.
3  | CONCEPT OF SIGNS AND SYMPTOMS 




Poor oral hygiene means that the number of microorganisms in the 
mouth of older adults has abnormally increased.
The number of bacteria on the tongue dorsum is known to be 
correlated with that in saliva.13 The number of microorganisms 
is measured on the tongue dorsum by rubbing a swab back and 
forth 3 times across a length of 1 cm over the central area of the 
tongue dorsum to obtain a sample and then using a bacterial counter 
(Panasonic Healthcare Co., Ltd.).14,15
As an alternative method, the degree of tongue coating is as-
sessed by visual inspection using the Tongue Coating Index (TCI).16 
A diagnosis of poor oral hygiene is made when either of the following 
criteria is met:
(1). The total number of microorganisms (CFU/mL) is 106.5 or more.
(2). TCI is 50% or higher.
3.1.2 | Background
Although outcome measures to assess poor oral hygiene in older 
adults have not been clarified, conceivable outcomes include aspi-
ration pneumonia prevention,14 postoperative pneumonia preven-
tion and intraoral infection prevention. If we take these outcomes 
into consideration, a state that allows the number of salivary micro-
organisms to increase should be assessed. While there are various 
ways to count intraoral bacteria and various methods for evaluating 
the state of intraoral hygiene, no studies have reported thresholds 
for the outcome. Ideally, all causal factors should be evaluated, but 
considering the burden on patients as well as the manpower, time 




Oral dryness refers to an abnormally dry state in the oral cavity or a 
subjective sign or symptom accompanying a feeling of intraoral dry-
ness. As the pathophysiological condition involves a lack of moisture 
deriving chiefly from saliva, the functions contributing to homoeo-
stasis of a living organism are lost, inducing various disorders.
An oral moisture checker (Mucus, Life Co., Ltd.) is used to mea-
sure mucosal wetness in the central area of the tongue dorsum. If no 
test devices are available, the Saxon test may be used instead as the 
participant may have difficulty in spitting. However, the amount of 
saliva absorbed in the Saxon test highly depends on the size of the 
gauze to be measured. Therefore, a gauze sponge (type 3 medical 
gauze, 7.5 cm square, 12- ply, dry weight 2 g) equivalent to the one 
used in the original Saxon test (Kerlix®, 12- ply, 10 × 10 cm, Kendall) 
should be used. Alternatively, a calibration value for the gauze being 
used needs to be calculated in advance.
A diagnosis of oral dryness in our assessment is made when ei-
ther of the following criteria is met:
(1). The measured value obtained with the oral moisture checker 
is less than 27.0.
(2). The results of the Saxon test are 2 g/2 min or below.
* The gauze sponge used in the test must be of the correct size.
TABLE  1 Measurements of clinical signs/symptoms of oral 
hypofunction
Clinical Signs Measurements
Poor oral hygiene The total number of microorganisms (CFU/
mL) is 106.5 or more.
Oral dryness The measured value obtained by a 
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produced per second is less than 6.
Decreased tongue 
pressure





The glucose concentration obtained by 





The total score of EAT- 10 is 3 or higher.
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3.2.2 | Background
Oral dryness manifests as a prodromal symptom of an overall de-
crease in oral function, rather than a disease resulting from organic 
disorders. Therefore, it should not be underestimated as a sign of 
oral frailty.17
When evaluating these conditions, an oral moisture checker is 
suitable for quantitatively assessing the amount of moisture at the 
measuring site. The device has demonstrated that the amount of 
moisture in intraoral soft tissue is correlated with the amount of sal-
ivary secretion and has shown good results pertaining to sensitivity 
and specificity in screening for individuals with decreased salivary 
secretion.18,19
The Saxon test allows the tester to collect test samples even 
though the participant is expected to have difficulty in spitting as 
noted above, so we chose it as an alternative test method from var-
ious techniques for evaluating the amount of salivary secretion.20,21
3.3 | Reduced occlusal force
3.3.1 | Concept and assessment
Reduced occlusal force is a condition where the occlusal force with 
natural teeth or dentures is decreased. While strongly correlated 
with masticatory ability and influenced by the number of natural 
teeth and occlusal support, the condition is also affected by muscu-
lar weakness.22
(1) Test method
The occlusal force of the whole dentition is measured for 3 seconds 
of clenching in the intercuspal position using pressure indicating 
film.23 For denture wearers, the measurement is performed with the 
dentures in place.
(2) Alternative test method
Although there are no alternative test methods for measuring oc-
clusal force, we propose using the number of natural teeth as an 
alternative.
A diagnosis of reduced occlusal force is made when either of the 
following criteria is met:
• Occlusal force is less than 200 N.
• The number of natural teeth excluding remaining roots and teeth 
with mobility 3 is less than 20.
3.3.2 | Background
Low occlusal force has been reported to lead to decreased intake of 
vegetables, fruits, antioxidant vitamins and dietary fibre.24 Although 
the number of teeth is also related to intake of these nutrients,25-27 
the association with occlusal force is considered to be stronger.24
It has also been reported that low occlusal force (less than 200 N) 
is frequently found not only in people with low weight but also in 
those with obesity.28 Additionally, some studies have found that oc-
clusal force is related to decline in motor function and falls.22,29
Many studies have shown that a smaller number of teeth lead to 
lower occlusal force and poorer masticatory ability.30
People with 20 or more natural teeth have been reported to be 
less susceptible to frailty than those with edentulous jaws.31 It has 
been found in some longitudinal studies that those who have eden-
tulous jaws32,33 or few natural teeth34 suffer a decline in cognitive 
function.
In summary, masticatory function is largely maintained if 20 or 
more natural teeth are present or occlusal force is 200 N or more. 
This is also relevant to the 8020 Campaign (Japan Dental Association) 
promoted in Japan and the concept of shortened dental arch.
3.4 | Decreased tongue- lip motor function
3.4.1 | Concept and assessment
Decreased tongue- lip motor function is a condition where speed and 
dexterity, which represent motor skills of the tongue and lips, are 
reduced as a result of a decline in brain function and perioral mus-
cle function owing to systemic diseases and changes with ageing. 
Comprehensive measurements of motor speed and dexterity of the 
tongue and lips are taken as oral diadochokinesis. The participant is 
instructed to produce each of the syllables/pa/,/ta/and/ka/repeat-
edly for 5 seconds. The number of respective syllables produced per 
second is determined using an automatic counter (Kenkokun Handy, 
Takei Scientific Instruments Co., Ltd.)35 or the pen dotting method.
A diagnosis of decreased tongue- lip motor function is made 
when the number of any of/pa/,/ta/or/ka/produced per second is 
less than 6.
3.4.2 | Background
The tongue and lips should move in a synchronised motion, with the 
mandible, cheeks, soft palate and throat playing an integral part in 
the crucial oral functions for daily life. Possible causes of decreased 
tongue- lip motor function include ageing, cerebrovascular disorder, 
neuromuscular diseases including Parkinson’s disease, traumatic in-
jury, late effects of head and neck surgery, muscle atrophy accom-
panying disuse syndrome, and malnutrition. In the assessment of 
motor functional decline in the tongue and lips, oral diadochokinesis 
measured by speed and dexterity when pronouncing/pa/,/ta/and/
ka/is used. In general,/pa/,/ta/and/ka/are used to evaluate motor 
function, one for each of lip movement, anterior region of the tongue 
and posterior region of the tongue. If automatic measurement is 
not possible, an easy alternative is to use the pen dotting method 
wherein the tester marks a pen dot for each syllable as he/she hears 
the participant pronounce it. Although a variety of standard values 
have been reported for oral diadochokinetic rate, the mean values 
obtained in many studies conducted in community- dwelling older 
adults36,37 have converged on 6- 7 times for every syllable. Watanabe 
et al38 carried out a large- scale study in 4720 older adults. The results 
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showed that, in a group of 766 healthy participants, the average oral 
diadochokinetic rates ranged from 5.6 to 6.3, while in a group of 
535 participants with frailty, the average oral diadochokinetic rates 
ranged from 5.0 to 5.6. Additionally, in all groups, that is, healthy 
group, pre- frailty group and frailty group, the oral diadochokinetic 
rate decreased significantly with higher age stratum, and in all age 
strata, the oral diadochokinetic rate decreased as frailty progressed.
It is important to detect decreased tongue- lip motor function 
which precedes frailty. Accordingly, it is considered reasonable to 
define the occurrence of decreased tongue- lip motor function when 
the oral diadochokinetic rate for any of the syllables/pa/,/ta/and/
ka/is less than 6.0. However, it should be noted that the value may 
change depending on the intraoral status such as ill- fitting dentures, 
mental status, nutritional status, experience of oral function train-
ing, experience of receiving oral health education and so on.
3.5 | Decreased tongue pressure
3.5.1 | Concept and assessment
Decreased tongue pressure refers to a condition where the pres-
sure generated between the tongue and the palate and food is re-
duced owing to chronic functional decline in the group of muscles 
that move the tongue. As the condition progresses, normal mastica-
tion, bolus formation and swallowing are impaired, which may lead 
to insufficient food intake to meet the amount of nutrition required.
To test the tongue pressure, the maximum tongue pressure is 
measured using a tongue pressure measuring instrument (JMS 
tongue pressure measuring instrument TPM- 01, JMS Co., Ltd.). 
The maximum tongue pressure determined by the instrument is the 
reading of the pressure exerted when the participant compresses 
a balloon attached to the tongue pressure probe onto the anterior 
palate for a few seconds using the maximum voluntary force of the 
tongue. The participant should be instructed to practice the proce-
dure in advance. Measurements should be taken several times, al-
lowing the participant to rest during every interval, and the mean 
value used for assessment. If the participant is wearing dentures and 
palatal augmentation prostheses, they should be worn during mea-
surement, but only if used ordinarily.
A diagnosis of decreased tongue pressure is made when the max-
imum tongue pressure obtained by this test is less than 30 kPa.
3.5.2 | Background
The tongue performs complicated movements for mastication, swal-
lowing, and speech in harmony with the lips, mandible, pharynx and 
larynx. Although these functions are crucial in maintaining life and 
QOL, their rapid and complicated movements remain to be studied. 
The value of tongue pressure measured with a prototype of this test-
ing device was reported to be significantly correlated with the value 
measured with the Iowa Oral Performance Instrument (IOPI)39; 
therefore, the test can be used globally. Accordingly, the tongue 
pressure test is being used at present for epidemiological studies, 
general clinical settings and prevention of reaching the state requir-
ing long- term care.
Conceivable causes of decreased tongue pressure include age-
ing,40 cerebrovascular disorder,41 neuromuscular diseases such as 
Parkinson’s disease42 and spinal and bulbar muscular atrophy43; direct 
causes include traumatic injury and late effects of surgery44; interac-
tive causes include disuse syndrome and malnutrition or sarcopenia.45
Although decreased tongue pressure may resolve by treat-
ment interventions46 including appropriate exercise therapy and 
improvement of intraoral morphology by prostheses (eg a palatal 
augmentation prosthesis), some cases such as those caused by neu-
rodegenerative diseases may be difficult to cure, which suggests a 
need for prompt detection and remedy.
The availability of simple tongue pressure testing has led to the 
findings that decreased tongue pressure is related to the occurrence 
of choking in older adults requiring long- term care47; older adults 
requiring long- term care are more likely to have decreased tongue 
pressure compared to healthy older adults48; and inability to take 
regular foods indicates a decrease in tongue pressure. We have set 
the cut- off value for decreased tongue pressure at 30 kPa because 
a study in 201 older adults who were hospitalised or residing in a 
welfare facility for seniors recently reported that, of 14 individuals 
who had a maximum tongue pressure of 30 kPa or higher and all on 
regular food, the number of those who shifted to universal design 
foods increased as their maximum tongue pressure decreased.49
3.6 | Decreased masticatory function
3.6.1 | Concept and assessment
As the health status and intraoral environments decline with ageing 
and/or disease, spillage while eating and choking when swallowing 
occur more frequently, and the number of unchewable foods increases 
over time, leading to loss of appetite and fewer foods that are eaten. 
Decreased masticatory function refers to a condition where these 
manifestations are aggravated and is defined as a condition where the 
occlusal force and motor ability of the tongue decline, resulting in a 
state that may lead to malnutrition and a decrease in metabolic rate.
Glucose concentration obtained from chewed gummy jelly is 
measured to assess masticatory function. The participant is asked 
to chew 2 g of gummy jelly, and then, the amount of eluted glucose 
is measured using a masticatory ability testing system (Gluco Sensor 
GS- II, GC Corporation).50
On the other hand, the degree of fracture in the chewed gummy 
jelly is evaluated by comparing with the visual reference material.51 
This method requires no special instruments.
3.6.2 | Background
(1) Method of measuring the glucose concentration obtained 
from chewed gummy jelly
Major reports that have been published using this method with 
gummy jelly include the following.
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Unno et al52 measured the masticatory ability by this method in 
65 healthy participants in their 1920s and showed that the measured 
values of 102.5- 186.8 mg/dL reflected the effect of the variation in 
masticatory path pattern. A multicentre study by Shiga et al53 mea-
sured masticatory ability before and after prosthetic treatment and 
showed an increase from 102.9 mg/dL for pre- prosthetic treatment 
to 150.8 mg/dL for post- prosthetic treatment.
Thus, although the effect depends on age, prosthetic treatment 
or occlusal contact area, the measured values were approximately 
100 mg/dL or more if the masticatory ability of the participant was 
normal.
(2) Method of comparing the degree of fracture with the visual 
reference material
Using this method, Kosaka et al51 measured masticatory ability 
in 2276 participants and reported that the lower quartile of in-
dividuals classified as Eichner class C corresponded to a score 
of 2. From a clinical standpoint as well, patients’ complaints 
of “cannot chew” increase as the degeneration progresses to 
Eichner class C, in which dentitions have no occlusal support 
in the molar zone. Thus, we established the diagnostic criterion 
for decreased masticatory function for this method as a score 
of 2 or less.
3.7 | Deterioration of swallowing function
3.7.1 | Concept and assessment
The concept of deterioration of swallowing function is a condition 
where a decline in eating/swallowing function owing to ageing has 
occurred and dysfunction is present as a stage before a marked dis-
order manifests. Deterioration of swallowing function is assessed by 
a self- administered questionnaire for swallowing screening (the 10- 
item Eating Assessment Tool [EAT- 10].54 The assessment criterion of 
the EAT- 10 questionnaire is a total score of 3 or higher.
3.7.2 | Background
The EAT- 10 developed by Belafsky et al54 in 2008 consists of 10 
questions. Each question is answered on a 5- point scale (0, no prob-
lem; 4, severe problem). A diagnosis of suspected dysphagia can be 
made if the total score is 3 or higher.55 In an investigational study 
that administered the EAT- 10 to 1000 community- dwelling inde-
pendent older adults and 2000 beneficiaries of the long- term care 
insurance selected by randomised stratified sampling in Tokyo,56 
24.1% of the former group and 53.8% of the latter group exhibited 
a score of 3 or higher. Additionally, a reliability and validity assess-
ment of the EAT- 10 has indicated that, in individuals who were able 
to respond to the EAT- 10 and exhibited a score of 3 or higher, there 
was a high likelihood of observing eating/swallowing disorder that is 
causing a slight problem.57 Therefore, we consider that the popula-
tion at risk for dysphagia may be detected by setting the threshold 
at 3 or higher.
When assessed as having deterioration of swallowing function, 
the person needs to undergo swallowing screening (repetitive saliva 
swallowing test, modified water swallow test, and cervical ausculta-
tion) and, as necessary, a detailed examination (videofluorography 
[VF] and videoendoscopy [VE]). Then, if an apparent abnormality is 
observed in eating/swallowing function, a diagnosis of eating dys-
function, instead of deterioration of swallowing function, is made 
and special intervention is required.
4  | DIAGNOSTIC CRITERIA FOR OR AL 
HYPOFUNC TION
Oral hypofunction is not a morphological condition such as missing 
teeth or caries, but a functional pathophysiological condition, which 
consists of deteriorated several oral functions (Table 1). We applied 
these diagnostic criteria to hospitalised patients in an acute hospital 
whose data samples had been acquired in a previous study.12 Five 
of the 7 measurement items (number of microorganisms, oral wet-
ness, number of natural teeth, tongue pressure and tongue- lip motor 
function) were allocated 0 or 1 point by the diagnostic cut- off values. 
Then, the summed points were used as the oral hypofunction score. 
As we consider that oral hypofunction is one of the risk factors for 
malnutrition, we examined the relationship between oral hypofunc-
tion score and nutritional status in the hospitalised patients. The 
score of the Mini Nutritional Assessment (MNA) was used as the in-
dicator for malnutrition. The mean MNA score was compared among 
the groups of respective total scores of oral function. The results 
showed that the mean MNA score was 12.5 ± 2.1 for the group with 
zero points, but the score declined to 9.8- 9.1 in the group with 1- 3 
points. In the group with 4 points, the mean MNA score significantly 
declined to 7.9 ± 3.2.
These results show that oral hypofunction and malnutrition are 
closely related. The group with 4 points showed a tendency of sig-
nificant malnutrition. Oral hypofunction is regarded as the precursor 
of oral dysfunction, hence a score of 3 points or higher is likely to be 
an appropriate diagnostic criterion for oral hypofunction. Thus, we 
propose that oral hypofunction be defined as the state when more 
than 3 of the 7 oral function measures meet the diagnostic criteria.
5  | FUTURE CHALLENGES REGARDING 
OR AL HYPOFUNC TION
There are overlapping concepts within the 7 criteria which confound 
the key points within this conceptual model. For example, decreased 
tongue-lip motor function, decreased tongue pressure and decreased 
masticatory function, all overlap in both concept and principle. Further 
researches which are about neuromuscular condition influencing all of 
these criteria might be required. The diagnostic criteria for oral hypo-
function were determined based on a broad range of reported litera-
ture. In the future, the prognosis of oral hypofunction or the effects of 
treatments on oral hypofunction should be clarified by further studies 
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on oral hypofunction. As Japan has one of the world’s most rapidly 
ageing populations, the JSG has a duty to promote such studies.
CONFLIC T OF INTERE S T
With respect to the present paper, no companies or organisations 
have competing interests that should be disclosed.
ORCID
Takayuki Ueda  http://orcid.org/0000-0002-6432-1749 
Junichi Furuya  http://orcid.org/0000-0002-8018-4537 
Koichiro Matsuo  http://orcid.org/0000-0002-4778-1954
Manabu Kanazawa  http://orcid.org/0000-0003-2587-5455    
R E FE R E N C E S
 1. Locker D. Measuring oral health: a conceptual framework. 
Community Dent Health. 1988;5:3-18.
 2. Johnson RJ, Wolinsky FD. The structure of health status among 
older adults: disease, disability, functional limitation, and perceived 
health. J Health Soc Behav. 1993;34:105-121.
 3. Wilson IB, Cleary PD. Linking clinical variables with health- related 
quality of life. A conceptual model of patient outcomes. JAMA. 
1995;273:59-65.
 4. Gilbert P. The evolved basis and adaptive functions of cognitive dis-
tortions. Br J Med Psychol. 1998;71:447-463.
 5. Locker D, Gibson B. The concept of positive health: a review and 
commentary on its application in oral health research. Community 
Dent Oral Epidemiol. 2006;34:161-173.
 6. MacEntee MI. An existential model of oral health from evolving 
views on health, function and disability. Community Dent Health. 
2006;23:5-14.
 7. Brondani MA, Bryant SR, MacEntee MI. Elders assessment of an 
evolving model of oral health. Gerodontology. 2007;24:189-195.
 8. Fried LP, Tangen CM, Walston J, et al. Frailty in older adults: 
evidence for a phenotype. J Gerontol A Biol Sci Med Sci. 
2001;56A:M146-M156.
 9. Xue QL, Bandeen-Roche K, Varadhan R, et al. Initial manifestations 
of frailty criteria and the development of frailty phenotype in the 
Womenʼs	Health	and	Aging	Study	 II.	J Gerontol A Biol Sci Med Sci. 
2008;63:984-990.
 10. Grant for Promotion of the Elderly Health Project in 2014, Research 
report in 2014 for establishment of the concept of aging syndrome 
focusing on diet (nutrition) and oral function, and for compre-
hensive measures for oral function support from prevention of 
nursing care (prevention of weakness) to requiring nursing care 
status. (in Japanese) http://www.iog.u-tokyo.ac.jp/wp-content/
uploads/2015/06/h26_rouken_team_iijima.pdf. Accessed August 
1, 2017.
 11. Pretty IA, Ellwood RP, Lo EC, et al. The seattle care pathway for 
securing oral health in older patients. Gerodontology. 2014;31(Suppl 
1):77-87.
 12. Matsuo K, Taniguchi H, Nakagawa K, et al. Relationships between 
deterioration of oral functions and nutritional status in elderly pa-
tients in an acute hospital. Ronen Shika Igaku. 2016;31:123-133. (in 
Japanese).
 13. Ryu M, Ueda T, Saito T, et al. Oral environmental factors affecting 
number of microbes in saliva of complete denture wearers. J Oral 
Rehabil. 2010;37:194-201.
 14. Kikutani T, Tamura F, Tashiro H, et al. Relationship between oral 
bacteria count and pneumonia onset in elderly nursing home resi-
dents. Geriatr Gerontol Int. 2015;15:417-421.
 15. Kikutani T, Tamura F, Takahashi Y, et al. A novel rapid oral bacteria 
detection apparatus for effective oral care to prevent pneumonia. 
Gerontology. 2011;29:e560-e565.
 16. Shimizu T, Ueda T, Sakurai K. New method for evaluation of tongue- 
coating status. J Oral Rehabil. 2007;34:442-447.
 17. Liu B, Dion MR, Jurasic MM, et al. Xerostomia and salivary hypo-
function in vulnerable elders: prevalence and etiology. Oral Surg 
Oral Med Oral Pathol Oral Radiol. 2012;114:52-60.
 18. Yamada H, Nakagawa Y, Nomura Y, et al. Preliminary results of 
moisture checker for Mucus in diagnosing dry mouth. Oral Dis. 
2005;11:405-407.
 19. Fukushima Y, Yoda T, Kokabu S, et al. Evaluation of an oral 
moisture- checking device for screening dry mouth. Open J Stomatol. 
2013;3:440-446.
 20. Vitali C, Bombardieri S, Jonsson R, et al. Classification criteria for 
Sjögrenʼs	syndrome:	a	revised	version	of	the	European	criteria	pro-
posed by the American- European Consensus Group. Ann Rheum 
Dis. 2002;61:554-558.
 21. Okuno N, Yamamoto K, Odagawa T, et al. Evaluation of quantita-
tive test for salivary secretion: used some materials in modified 
Saxon test and gum test. J Masticat Health Soc. 2011;21:57-67. (in 
Japanese).
 22. Iinuma T, Arai Y, Fukumoto M, et al. Maximum occlusal force and 
physical performance in the oldest old: the Tokyo oldest old survey 
on total health. J Am Geriatr Soc. 2012;60:68-76.
 23. Suzuki T, Kumagai H, Watanabe T, Uchida T, Nagao M. Evaluation 
of complete denture occlusal contacts using pressure- sensitive 
sheets. Int J Prosthodont. 1997;10:386-391.
 24. Inomata C, Ikebe K, Kagawa R, et al. Significance of occlusal 
force for dietary fibre and vitamin intakes in independently 
living 70- year- old Japanese: from SONIC Study. J Dent. 
2014;42:556-564.
 25. Hung HC, Colditz G, Joshipura KJ. The association between tooth 
loss and the self- reported intake of selected CVD- related nutri-
ents and foods among US women. Community Dent Oral Epidemiol. 
2005;33:167-173.
 26. Nowjack-Raymer RE, Sheiham A. Numbers of natural teeth, diet, 
and nutritional status in US adults. J Dent Res. 2007;86:1171-1175.
 27. Wakai K, Naito M, Naito T, et al. Tooth loss and intakes of nutrients 
and foods: a nationwide survey of Japanese dentists. Community 
Dent Oral Epidemiol. 2010;38:43-49.
 28. Ikebe K, Matsuda K, Morii K, et al. The relationship between oral 
function and body mass index among independently living older 
Japanese people. Int J Prosthodont. 2006;19:539-546.
 29. Okada T, Ikebe K, Kagawa R. Lower protein intake mediates as-
sociation between lower occlusal force and slower walking 
speed: from the septuagenarians, octogenarians, nonagenar-
ians investigation with centenarians study. J Am Geriatr Soc. 
2015;63:2382-2387.
 30. Ikebe K, Matsuda K, Kagawa R, et al. Association of masticatory 
performance with age, gender, number of teeth, occlusal force and 
salivary flow in Japanese older adults: is ageing a risk factor for 
masticatory dysfunction? Arch Oral Biol. 2011;56:991-996.
 31. de Andrade FB, Lebrao ML, Santos JL, et al. Relationship between 
oral health and frailty in community- dwelling elderly individuals in 
Brazil. J Am Geriatr Soc. 2013;61:809-814.
 32. Tsakos G, Watt RG, Rouxel PL, et al. Tooth loss associated with 
physical and cognitive decline in older adults. J Am Geriatr Soc. 
2015;63:91-99.
 33. Okamoto N, Morikawa M, Tomioka K, et al. Association between 
tooth loss and the development of mild memory impairment in the 
elderly: the Fujiwara- kyo Study. J Alzheimers Dis. 2015;44:777-786.
324  |     MINAKUCHI et Al.
 34. Stewart R, Stenman U, Hakeberg M, et al. Associations between 
oral health and risk of dementia in a 37- year follow- up study: the 
prospective population study of women in Gothenburg. J Am 
Geriatr Soc. 2015;63:100-105.
 35. Yamada A, Kanazawa M, Komagamine Y, et al. Association between 
tongue and lip functions and masticatory performance in young 
dentate adults. J Oral Rehabil. 2015;42:833-839.
 36. Izuno H, Hori K, Sawada M, et al. Physical fitness and oral function 
in community- dwelling older people: a pilot study. Gerodontology. 
2016;33:470-479.
 37. Sakayori T, Maki Y, Hirata S, et al. Evaluation of a Japanese “Prevention 
of long- term care” project for the improvement in oral function in 
the high- risk elderly. Geriatr Gerontol Int. 2013;13:451-457.
 38. Watanabe Y, Hirano H, Arai H, et al. Relationship between frailty 
and oral function in community- dwelling elderly adults. J Am Geriatr 
Soc. 2017;65:66-76.
 39. Yoshikawa M, Yoshida M, Tsuga K, et al. Comparison of three 
types of tongue pressure measurement devices. Dysphagia. 
2011;26:232-237.
 40. Utanohara Y, Hayashi R, Yoshikawa M, et al. Standard values of 
maximum tongue pressure taken using newly developed disposable 
tongue pressure measurement device. Dysphagia. 2008;23:286-290.
 41. Nakamori M, Hosomi N, Ishikawa K, et al. Prediction of pneumonia 
in acute stroke patients using tongue pressure measurements. PLoS 
ONE. 2016;11:e0165837. https://doi.org/10.1371.
 42. Umemoto G, Tsuboi Y, Kitashima A, et al. Impaired food trans-
portation	 in	 Parkinsonʼs	 disease	 related	 to	 lingual	 bradykinesia.	
Dysphagia. 2011;26:250-255.
 43. Mano T, Katsuno M, Banno H, et al. Tongue pressure as a novel 
biomarker of spinal and bulbar muscular atrophy. Neurology. 
2014;82:255-262.
 44. Hamahata A, Beppu T, Shirakura S, et al. Tongue pressure in pa-
tients with tongue cancer resection and reconstruction. Auris Nasus 
Larynx. 2014;41:563-567.
 45. Maeda K, Akagi J. Decreased tongue pressure is associated with 
sarcopenia and sarcopenic dysphagia in the elderly. Dysphagia. 
2015;30:80-87.
 46. Kikutani T, Tamura F, Nishiwaki K. Case presentation: den-
tal treatment with PAP for ALS patient. Int J Orofacial Myology. 
2006;32:32-35.
 47. Yoshida M, Kikutani T, Tsuga K, et al. Decreased tongue pressure 
reflects symptom of dysphagia. Dysphagia. 2006;21:61-65.
 48. Tsuga K, Yoshikawa M, Oue H, et al. Maximal voluntary tongue pres-
sure is decreased in Japanese frail elderly persons. Gerodontology. 
2012;29:e1078-e1085.
 49. Tanaka Y, Nakano Y, Yokoo M, et al. Examination about the relation of 
meal form, tongue pressure, grip and walking state in inpatient and el-
derly residents. Jpn J Dysphagia Rehabil. 2015;19:52-62. (in Japanese).
 50. Uesugi H, Shiga H. Relationship between masticatory performance 
using a gummy jelly and masticatory movement. J Prosthodont Res. 
2017;61:419-425.
 51. Kosaka T, Ono T, Kida M, et al. A multi- factorial model of 
masticatory performance: the Suita study. J Oral Rehabil. 
2016;43:340-347.
 52. Unno M, Shiga H, Kobayashi Y. The relationship between mastica-
tory path pattern and masticatory efficiency in gumi- jelly chewing. 
J Jpn Prosthodont Soc. 2005;49:65-73. (in Japanese).
 53. Shiga H, Yokoyama M, Yokoyama A, et al. Constructing a clinical da-
tabase on the impact of improving the oral function by dental treat-
ment on health. J Jpn Assoc Dental Sci. 2015;34:69-73. (in Japanese).
 54. Belafsky PC, Mouadeb DA, Rees CJ, et al. Validity and reliability 
of the Eating Assessment Tool (EAT- 10). Ann Otol Rhinol Laryngol. 
2008;117:919-924.
 55. Wakabayashi H. Relationship between dysphagia and frailty. Mod 
Phys. 2015;35:880-884. (in Japanese).
 56. Kikutani T. The interim assessment report of the Development 
Work Project on Longevity Science (H-27) “Development and avail-
ability of the assessment tool for the eating/swallowing function 
and nutritional supports in the integrated community care”. (in 
Japanese)
 57. Wakabayashi H, Kayashita J. Translation, reliability, and validity 
of the Japanese version of the 10- item Eating Assessment Tool 
(EAT- 10) for the screening of dysphagia. J Jpn Soc Parenteral Enteral 
Nutrition. 2014;29:871-876. (in Japanese).
How to cite this article: Minakuchi S, Tsuga K, Ikebe K, et al. 
Oral hypofunction in the older population: Position paper of 
the Japanese Society of Gerodontology in 2016. 
Gerodontology. 2018;35:317–324. https://doi.org/10.1111/
ger.12347
